We analyzed the riboflavin and niacin contents of individual cuts from clod (triceps brachii), ribeye (longissimus thoracis), top round (semimembranosus), and top sirloin (gluteus medius) from 24 fed bison bulls. The bulls came from producers in the United States and Canada and had consumed concentrate diets plus hay free choice for at least 100 d. The mean riboflavin and niacin concentrations of all of the bison cuts combined were .094 and 1.910 mg/100 g wet
Introduction
Many consumers eat bison (Bison bison), also known as North American buffalo, but little information is available on the micronutrient content of various bison cuts. Approximately 250,000 bison are raised for meat in North America (National Bison Association, 1998) . Bison meat is low in fat and food energy and high in protein (Koch et al., 1987; Marchello et al., 1989 Marchello et al., , 1998 . Bison meat contains appreciable amounts of minerals, with the exception of calcium, and is low in sodium (Marchello et al., 1998) . Bison meat also contains appreciable amounts of vitamin B 6 and vitamin B 12 , but is low to nil in thiamin, vitamin E, vitamin A, and vitamin C (Driskell et al., 1997; Yuan et al., 1999) . Information is not available on the riboflavin and niacin content of bison meat.
Nutritional labeling of processed meat products is mandated in the United States. Soon, nutritional labeling of fresh meats will likely be required. The purpose of this study was to determine the riboflavin and niacin composition of the more popularly consumed bison cuts Correspondence: Nutritional Science and Dietetics, Univ. of Nebraska, Lincoln, NE 68583-0806. Received July 6, 1999 . Accepted November 5, 1999 1267 weight, respectively. The riboflavin and niacin content values did not differ (P < .05) among the cuts of meat. Cuts from individual bulls were significantly different (P < .05) with regard to both riboflavin and niacin contents. Little variation was observed in riboflavin and niacin content of five bison from the same producer and two bison from another producer. These content values may be used in estimating the riboflavin and niacin content of bison meat.
from animals raised in various geographic areas of the United States and Canada.
Materials and Methods
Sample Description. Individual cuts from the shoulder clod (triceps branchii), ribeye (longissimus thoracis), top round (semimembranosus), and top sirloin (gluteus medius), representing the four major areas of the carcass, were obtained from 24 approximately 2-yr-old bison bulls that were raised in various geographic areas of the United States and Canada. The origin and feed of the bison bulls are given in Table 1 . These fed bulls were randomly selected from each state or province that had active participants in the National or Canadian Bison Association. The selection of the bison resulted in five bulls (H to L) coming from one producer and two bulls (A and B) from a second producer. The remaining bulls were from individual producers. Animals A to L were included in a previously published study (Driskell et al., 1997) . All bulls consumed hay and a concentrate containing vitamins and minerals daily on an ad libitum basis. The composition of the mixture was dictated by producer preference. Animals were slaughtered and chilled for 24 h (0 to 2°C); the carcasses were processed into primal and subprimal cuts, and samples (∼1 kg/cut) were collected, vacuum-packaged, flash-frozen, and shipped to North Dakota State University. All subcutaneous fat was removed. Each sample was ground (.95-cm plate) in the frozen state, then lypophilized, homogenized, and stored at −20°C for later chemical analyses. A portion A concentrate containing a vitamin and mineral mixture was part of the daily feeding regime of all producers; the composition of the mixture was dictated by producer preference. Two animals (A and B) were from the same producer, had the same feeding regime, and were the same age at slaughter. Five animals (H to L) were from the same producer, had the same feeding regime, and were the same age at slaughter. of the lypophilized samples was shipped to the University of Nebraska for riboflavin and niacin analyses.
Chemical Analyses. Moisture was determined by
oven-drying at 105°C and crude fat content by the Fosslet procedure (AOAC, 1995) . Riboflavin and niacin were determined by HPLC techniques, employing fluorometric detection for riboflavin (Dawson et al., 1988) and UV for niacin (Vidal-Valverde and Reche, 1991) . Appropriate riboflavin and niacin values were obtained when analyzing a standard reference material (National Institute of Standards and Technology, Gaithersburg, MD, SRM 2383). Recoveries were determined by standard addition to sample aliquots of bison meat with the appropriate nutrient at the beginning of each chemical method; recoveries were 96% for riboflavin and 92% for niacin. All nutrient analyses were conducted in duplicate. All content values are expressed on a wetweight basis.
Statistical Analyses. Analysis of variance and Duncan's multiple-range test were used to determine whether significant differences (P < .05) existed among nutrient concentrations of the four cuts of bison or the 24 bulls (SAS, 1989). Data were summarized as means (x) ± standard deviations.
Results
As shown in Table 2 , no differences (P > .05) were observed in the riboflavin and niacin contents of clod, ribeye, top round, and top sirloin cuts. The ribeye and top sirloin cuts were significantly higher (P < .05) in crude fat content than the top round. The composite values represent the average for the four cuts.
Differences were observed in the nutrient content values among bulls for riboflavin (P < .0006), niacin (P < .0211), crude fat (P < .0001), and moisture (P < .0001). Table 3 summarizes the significant differences (P < .01) in the nutrient contents of the cuts by bull. Much variation was observed in the nutrient content of the cuts by bull. Some, though less, variation was observed in the nutrient content of the cuts of bulls raised by the same producers (bulls H to L for one producer and A to B for another producer). The bulls from each of these two producers had the same feeding regimen, age at slaughter, and slaughter dates.
Discussion
No differences were detected among the four cuts for riboflavin, niacin, and moisture composition, but were Values for crude fat lacking a common superscript differ (P < .05).
different for crude fat. Marchello et al. (1998) also reported the crude fat content of ribeye and top sirloin bison cuts to be higher than those of top round. Due to the sampling design in the current study and that of Marchello et al. (1998) , the fat content is believed to be representative of meat from fed bison (slaughtered at about 2 yr of age) produced in the United States and Canada. These four cuts were all lean cuts. The results for these four cuts indicate that the same value for riboflavin and niacin could be used in nutritional labeling for meat from fed bison. As expected, we observed tremendous variation in riboflavin, niacin, crude fat, and moisture contents of cuts from individual bulls. This is not surprising because the nutrient content of meat, including that from h Bulls A and B were from the same producer and had the same feeding regimen and age at slaughter.
i Bulls H, I, J, K, and L were from the same producer and had the same feeding regimen and age at slaughter.
bison, does vary considerably depending on many factors, including genetics, age, feed, and time of year slaughtered (Romans et al., 1994; Koch et al., 1995) . The bulls were raised by 19 different producers. The bulls were from California to Delaware (9 states) and British Columbia to Manitoba (3 provinces), but primarily from Plains states and provinces. Bulls that were fed by the same producers and slaughtered at the same age and time showed less variation. By obtaining bulls from as diverse a population and feeding regime, we are able to provide the consumer with the best estimate of nutrient content that they could expect to obtain when consuming a cut of bison meat. For this reason, we analyzed cuts from more than one animal or producer, to determine the animal-to-animal variation with regard to nutrient content; the sampling was intended to be representative of meat from bison bulls available to consumers in the United States and Canada.
Bison is considered an alternative meat for consumption by humans. Table 4 gives a comparison of the riboflavin, niacin, moisture, and crude fat contents of bison meat with that of meats (beef, pork, chicken, turkey) commonly consumed by Americans. Bison meat was lower than the other meats in crude fat, riboflavin, and niacin contents.
The individual bison cuts included in the present study contained 2.4 to 13.5% (mean, 5.5%) of the Daily Value for riboflavin (1.7 mg) and 5.5 to 17.5% (mean, 9.6%) of the Daily Value for niacin (20 mg) per serving (100 g wet weight). The Daily Value is used in nutrient labeling of food products. The FDA (1992) has indicated that the terms "good source of," "important source of", or "source of" be used when a serving of food contains 10 to 19% of the Daily Value for that nutrient. Therefore, bison cuts from some but not all of the producers would be good sources of riboflavin and niacin, as considerable animal-to-animal variation in riboflavin and niacin content of the cuts was observed. Calculations of dietary adequacy of nutrients may also be based on recommended dietary allowances (RDA). The 1998 RDA for riboflavin for men and women aged 19 to 70 yr are 1.3 and 1.1 mg/d, respectively, whereas those for niacin for men and women of all ages are 16 and 14 mg niacin equivalents/d, respectively (Institute of Medicine, 1998). Using RDA values rather than the Daily Values for calculations, the percentage of the RDA for the nutrient composition of the bison cuts would be higher and most samples would be considered good sources of niacin. These nutrient content data are for raw or uncooked bison cuts. Appreciable quantities of vitamins are known to be lost during the cooking of foods; thus, these percentages would be even lower in cooked bison meat.
Niacin is supplied to the tissues of beef cattle by dietary niacin, ruminal synthesis of niacin, and the conversion of the amino acid tryptophan to niacin in the animal (NRC, 1996) . Riboflavin is also supplied by dietary riboflavin and ruminal synthesis (McDowell, 1989) . Ruminal synthesis of niacin (NRC, 1996) and riboflavin (McDowell, 1989) can adequately meet the needs of beef cattle. Deficiencies of these two vitamins are reported to be limited to young beef cattle with immature rumen development and situations in which ruminal synthesis is limited. Bison are ruminants, although their rumen volume is smaller than that of Hereford cattle (DeLiberto, 1994) . Bison may derive some of their niacin and riboflavin from ruminal synthesis.
Attempts, though generally unsuccessful, were made to obtain estimates of vitamin intakes of the bulls from the producers. However, most of the producers did indicate that their bulls were given relatively low levels of vitamins as part of their feeding regimens. Bison cuts from some producers had higher riboflavin and niacin contents than those of others. Perhaps these producers did feed higher levels of the vitamins. Also, values tended to be a little higher for samples from bulls fed corn, but this may have been just happenstance. Because nutrient requirements are not available for bison, research is needed to enable bison to become more efficient and optimize their production, thus providing a more adequate amount of the micronutrients, such as riboflavin and niacin, in their meat for human consumption.
Implications
Nutrition Facts labeling for shoulder clod, ribeye, top round, and top sirloin cuts of bison could include the amounts per serving of riboflavin as 6% Daily Value, and niacin as 10% Daily Value. However, considerable animal-to-animal variation does exist in riboflavin and niacin contents of bison meat. AOAC. 1995 
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